The JapanSociety ofMedical Entomology and Zoology (Jpn. Abstract : Twenty-nine spontaneous gynandromorpil's i'n the mesquito, Aedes togot, were analyzed in order to construct an embryonic fate map. The estimatecl distances on the blastula between prirnordial discs for the abdomen, genitalia, antenna, palp, and wing showed suMcient consistency to form the map.
In Aedes, sex is determined by the sex factors M and m, with males being heterogametic and females homogametic mm, The mechanism by which a gynandromorph is produced in this insect can be ascribed to double fertilization of a binucleate egg by spermatozoa carrying different sex factors. The two nuclei undergo nuclear division and resultant nuclei form two clusters of different sexes and cover the blastoderm surface, Primordial discs are then developed after cell division. Because this process is conceived to be equivalent to that a sexual boundary separates the cells on the blastoderm at random, distances between the primordial discs of structures can be estimated frDm their segregation ratios of sex in gynandromorphs. The results of the present study ,are expected to provide a better understanding of how the mosquito gynandremorph is produced.
INTRoDUCTION
Gynandromorphs, or sex mosaics that occur in mosquitoes, have attracted the attention of entomologists due to their unusual morphology.
Gynandromorphs have been collected in the field or discovered in laboratory colonies. They were reported in Culex Pipiens (Laven, 1955 (Laven, , 1957 , Cx. pipiens fatigans (Shetty and Chowdaiah, t975), Cx. salinarius (Hall, 1988) , Aedes aegypti (Vande-Hey and Craig, 1961; McClelland, 1963) , * **A#Mta: n\iggRwaft-ag? v 7 tz tmpt vt\ts N\ ･ firen (+2i6 JIIasTtiautXevts 2-16-1) (+213 JIIusitrmaaXAIg 3-6-5-808)289
Ae. albopictus (Bat-Miriam and Craig, 1966) , Ae. nigripes (Brust, 1966) and others (see Kitzmiller, 1976; Hall, 1987; Forattini et al. 1991 ). Gynandromorphs of Cx. pi-Piens (Laven, 1957) and Cx. P. fatigans (Ahmad et al., 1985) have even been established as laboratory strains. In Aedes and Cutex mosquitoes, sex is determined by the sex factors designated M and m, with males being heterogametic and females homogametic mm. Gilchrist and Haldane (1947) (Laven, 1967) , Cx. P. fatigans (Ahmad et al. 1985) , and Ae, aegptPti (Craig and Hickey, 1967) (Hotta and Benzer, 1972) , gynandromorphs in A. mellifera (Milne and Rothenburler, 1983) , and others (see Janning, 1978; Ashburner, 1989) . In Culex and Aedes, species including Cx.
PiPiens (Laven, 1967) , Ae. aegypti (Craig and Hickey, 1967) (Laven, 1957 (Laven, , 1967 . It was confirmed that the mechanism of gynandromorphism in this strain included fertilization of a binucleate egg by spermatozoa bearing different sex factors (Laven, 1967) . Gynandromorphism of sgm and gm in Cx. P. fatigans was shown to be governed by the same mechanism (Ahmad et al. 1985 (1972) proposed the frequency with which a random mesaic boundary crosses a primordial disc to be Td12, where d equals diameter of the disc on a probability scale. No proof was offered in their paper, but was given in a subsequent paper by Hotta (1972) .
Integral geometry provides us with the following theorem and a relatively lengthy proof (Kurita, 1978) (Janning, 1978) . C2 corresponds to the primordial disc, which may be approximated as a ciTcle of diameter d, giving Td as the peripheral length. Thus, the probability of a sexual boundary intersecting the disc is .d12.
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MATERIALs AND METHoDs Sexual dimorPhism. Tadano (1981) 
REsuLTs
Distances between primordial discs of adult structures We estimated in Table 3 For instance, the distance between the antenna (A) and palp (P) is the average of LA-LP and RA-RP, or 38 and 24, respectively, to obtain 31. The primordial discs of the five structures in Table 1 (1) This value is consistent with that estimated directly in Table 3: A-G =72.
(2) (1). For the sake of simp]icity, the primordial disc of the abdomen is shown as a dot in Fig. 2 If the sex characteristics ef the internal structures ef each gynandromorph and also its sex-specific behavior had been recorded, the associated primordial discs could have been mapped on the blastula along with the now-familiar external structures, If the primordial disc of blood-feeding behavior on the blastula, which may be a part of the brain or nervous system, were distant from the disc for mouth parts, the frequency ef gynanders with male mouth parts and female blood-feeding behavior becomes high. The frequency of thi$ phenomenon would be proportional to the distance on the blastula, We obtained quite consistent results' re- (Rothenburler, 1955) . Honeybee gynandremorphs can also be generated either by chilling eggs after oviposition (Drescher and Rothenburler, 1963) (Milne and Rothenburler, 1983; Milne, 1976 The whole map in Fig. 2 is round, which is different from the elongated, elliptical 295 shape for the mosquito embryo.
There are disterting factors to control orientation of the fertilized pair of nuclei and factors to control formation of primordial discs on the blastula during embryogenesis.
These factors create a non-random sexual boundarv that i intersects between the primordial discs on the blastula. The fact that the sexuai boundary is in reality convoluted (Zalokar et al,, 1980 ) also contributes to the distorted shape of the map.
An example of the factors mentioned above is found in Cx. p. fatigans (Ahmad et al. 1985) : in its gm gynandromorphs, the left and right components of the palp always showed different sexes.
The relative locations of the primordial discs proposed in this study are intuitively acceptable due to their similar relative lecations in the adult. However, our fate map is somewhat different frorn the fate map of D. melanogaster (Hotta and Benzer, 1972) (Laven, 1967 (Laven, 1967; Ahmad et al,, 1985) . These strains should prove useful for the kind ef embryological studv introduced in this paper, which can be extended to behaiJioral or neurological mvestlgatlon.
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